The Collaborative Research Center for American Indian Health (CRCAIH) was established in September 2012 as a unifying structure to bring together tribal communities and health researchers across South Dakota, North Dakota and Minnesota to address American Indian/Alaska Native (AI/AN) health disparities. CRCAIH is based on the core values of transdisciplinary research, sustainability and tribal sovereignty. All CRCAIH resources and activities revolve around the central aim of assisting tribes with establishing and advancing their own research infrastructures and agendas, as well as increasing AI/AN health research. CRCAIH is comprised of three divisions (administrative; community engagement and innovation; research projects), three technical cores (culture, science and bioethics; regulatory knowledge; and methodology), six tribal partners and supports numerous multi-year and one-year pilot research projects. Under the ultimate goal of improving health for AI/AN, this paper describes the overarching vision and structure of CRCAIH, highlighting lessons learned in the first three years.
Introduction
Although public health and medical interventions have improved the overall health and life expectancy in the general United States (U.S.) population; racial and ethnic minorities continue to experience disproportionately higher rates of disease and death [1] [2] [3] [4] [5] . Poverty, lower education levels, crime, and greater exposure to environmental hazards all contribute to the gradual development and worsening of health status in many minority communities [3, 5, 6] . The American Indian/Alaska Native (AI/AN) population comprises less than 2% of the U.S. population, yet they bear the greatest burden of many health risk factors and chronic diseases [7] [8] [9] . The rates of numerous health outcomes reflect the tremendous disparities in AI/AN populations (see Table 1 ). For example, AI/ANs have an infant mortality rate 132.8% higher than the general population and a 210.8% higher diabetes rate [10, 11] . Although there are several ongoing research and service efforts happening at tribal, academic, and health care system levels, projects often occur in isolation. There was a need to bring together these different entities to support collaborative research efforts to address health disparities in AI/AN populations. In September 2012, the Collaborative Research Center for American Indian Health (CRCAIH) was formed at Sanford Research under the Center for Health Outcomes and Prevention Research through $13.5 million in funding from the National Institutes for Minority Health and Health Disparities (NIMHD) to bring together tribal communities and health researchers to address the significant health disparities experienced by AI/AN in South Dakota (SD), North Dakota (ND), and Minnesota (MN). Sanford Research is a non-profit research organization and is part of Sanford Health, an integrated rural health system headquartered in the Dakotas. While Sanford Research is the primary institution of the grant award, CRCAIH is a regional center and this intent is carried throughout the mission, partners and budget. In the last fiscal year, 69.2% of the awarded direct funds went out to the partnering organizations and research projects. Additional funding of CRCAIH's efforts have been given by Sanford Research in the form of personnel support and incorporation of Sanford resources (e.g., grants office). Additional funds (e.g., Bush Foundation Community Innovation Award) have been received by tribal partner organizations to support the building of their research infrastructures.
Research has a troubled history that has resulted in mistrust and skepticism about the role and ability of research to improve AI/AN health. CRCAIH is based on the belief that for AI/AN health research to make a difference, three core values are necessary. These core values are respect for tribal sovereignty, transdisciplinary research, and sustainability. This is being accomplished through a multipronged approach including strengthening tribal research infrastructures, development of core resources, and support of long-term and pilot research projects. The purpose of this paper is to describe the overarching vision and structure of CRCAIH (see Figure 1 ), after the first three years of operations with tangible lessons learned, outcomes, and implications for others who may be interested in starting similar initiatives. 
Collaborative Research Center for American Indian Health
CRCAIH provides a unified structure across a vast geographic area that brings together tribal communities and researchers with varied backgrounds to address AI/AN health disparities. CRCAIH includes community leaders and seasoned researchers with long histories of successful and mutually beneficial collaborations with Tribal Nations. The partners represent AI/AN Tribal Nations, communities, and organizations, academic institutions, and health care entities (see Table 2 ). CRCAIH provides a communication and infrastructure platform for all of these entities to discuss individual efforts, build 
CRCAIH provides a unified structure across a vast geographic area that brings together tribal communities and researchers with varied backgrounds to address AI/AN health disparities. CRCAIH includes community leaders and seasoned researchers with long histories of successful and mutually beneficial collaborations with Tribal Nations. The partners represent AI/AN Tribal Nations, communities, and organizations, academic institutions, and health care entities (see Table 2 ). CRCAIH provides a communication and infrastructure platform for all of these entities to discuss individual efforts, build upon the experiences and accomplishments of others and find new collaborative opportunities. 
Historical Background of CRCAIH
The partners that comprise CRCAIH have long-standing histories of research collaborations based upon Community Based Participatory Research (CBPR) and Tribal Participatory Research (TPR) principles. Both CBPR and TPR embrace the underlying tenets of community involvement at all stages of the research process to create equal partnerships between traditionally trained researchers and community members. All equitable partnerships require sharing power, resources, credit, and results, as well as a reciprocal appreciation of each partner's knowledge and skills at every stage of the project. These stages include problem definition/issue selection, research design, conducting research, interpreting results, and determining how results should be used for action [14, 15] . The Principal Investigator has been partnering with AI/AN tribes on large, complex research studies on maternal child health that include biospecimen collection for 10 years prior to the initiation of CRCAIH. She experienced firsthand the benefits of working with a tribal Research Review Board to better meet the cultural needs of AI/AN research participants.
Guided by the literature on CBPR and TPR, CRCAIH is based on the foundation that AI/AN communities must be more than mere passive participants in pre-developed research protocols [16] . AI/AN communities are sovereign nations with the inherent rights to govern, provide leadership and involvement in all aspects of the research process, including the authority to dictate research agendas and implement solutions [17] . Through our previous research partnerships with tribal nations in the region, often this need for tribally-driven research and greater focus on research in AI/AN health arose, which was the provocation for developing the aims of CRCAIH.
Aims of CRCAIH
One of the primary aims of CRCAIH is to build tribal research infrastructure. Each year, tribes located in SD, ND, and MN are invited to apply and one new tribal partner is added. Each partnering tribe has different existing resources for research and is guided by distinctive visions and goals.
Tribes have elected to develop a research review board, tribal research policies/codes, or support new research projects. To meet these goals, CRCAIH provides funding to the tribe for a full-time Tribal Liaison, IRB software, travel, and supplies. Crucial for full community engagement, the Tribal Liaisons are tribal employees, who know their communities and are the local face of CRCAIH. The Tribal Liaisons make connections with community stakeholders, serve as a direct communication link with tribal leadership, facilitate data collection and work on tribal-specific outreach campaigns to promote health research. The work of the Trial Liaisons directly connects with the vision each tribe has for developing their research infrastructures.
The second primary aim of CRCAIH is to increase the amount of transdisciplinary research in AI/AN health. In looking at the literature on AI/AN health outcomes, because there was no clear singular gap in the literature in one health area (e.g., cancer), therefore, the focus of CRCAIH was designed to be broad in scope so the research could support the different needs of each tribal community. As a Transdisciplinary Collaborative Research Center, CRCAIH strives to extend results and impact beyond a single discipline. Transdisciplinary research is becoming an increasingly effective choice for addressing complex public health problems; such as chronic disease prevention and management as these issues have not been successfully addressed by a single discipline approach [18] [19] [20] [21] [22] [23] [24] . CRCAIH is comprised of experts in clinical psychology, counseling, epidemiology, family studies and human development, nursing, medicine, nutrition, public health, sociology, AI/AN culture, and law. The use of transdisciplinary research promotes a reorientation of the theoretical, conceptual, and methodological concepts of each research discipline in the collaboration, creating a novel way to expand knowledge beyond the silo or box of specific disciplines [25] . An important transdisciplinary perspective was added by the Culture, Science and Bioethics Core, highlighting how Indigenous and Western worldviews approach research differently and aspects to consider when building collaborative research relationships.
CRCAIH Divisions and Core Resources
A critical component of CRCAIH, that supports building tribal infrastructures and the conduct of high quality transdisciplinary research, is the availability of research resources. As detailed below, CRCAIH includes three divisions that incorporate administrative responsibilities, community engagement, and research functions as well as three technical cores that provide specialized expertise to all partners (see Figure 1 ). Each CRCAIH division and core provides training and capacity building services to our tribal partners and research projects. Trainings are often based on specific requests and may be in various formats, including in-person presentations, interactive webinars, hands-on workshops, and web-based training modules. Trainings not only help build CRCAIH partners' research capacity, but also reach a broader audience of those working in Indian Country.
The Administrative Division is the managerial oversight of activities and communications within and external to CRCAIH. This includes organizing fiscal and contractual documents (dedicated fiscal support is available for partnering entities unfamiliar with managing research grants), development of policies and procedures for CRCAIH activities, leads website development and communicates updates. Internal evaluation of CRCAIH is housed within the Administrative Division, and encompasses strategic planning, review and assessment of division and core resources and outcomes, evaluation support services, and overall guidance and measurement of activities using a developmental evaluation approach [26] . Through use of a developmental evaluation approach the project evaluator is able to make recommendations to promote improvement in service delivery and outcomes throughout the grant period rather than at the end of the grant [26] . This approach has allowed the administrative team to make changes necessary in real-time to accomplish the overall outcomes of the grant.
Key components of the Administrative Division include: an Executive Steering Committee; an External Advisory Board; an Executive Steering Committee; and subcommittees-tribal partner selection, pilot grants program and annual summit. The Executive Steering Committee meets two times a year and includes approximately 40 members with membership from participating tribes, federal funders, and researchers in the region and serves as a communication and dissemination tool for CRCAIH collaborators. The External Advisory Board grew from the Executive Steering Committee to assist in the leadership, advisement, and strategic planning of CRCAIH activities. The External Advisory Board meets three times a year and includes the principal investigator, project director, project evaluator, federal funders, and nationally renowned researchers with expertise in AI/AN research.
Tribal Partner Selection
New tribal partners are chosen each year through an application process. The application process was created because the number of tribes expressing interest in becoming a CRCAIH partner exceeded available resources. This application process was designed to identify the tribes that would make the greatest use of the limited resources to develop their research infrastructures. Each year, CRCAIH starts the application process by reaching out to all tribal governments, tribal health departments, and tribal colleges and universities in the region and invites them to apply. Next, potential tribal partners write a letter expressing interest in building their research infrastructures and how CRCAIH can assist by answering three questions: (1) Why is your tribe interested in growing your research infrastructure; (2) How does this opportunity help further existing tribal initiatives and activities in health research; and (3) What challenges would you anticipate in accomplishing the goals of CRCAIH. Letters are reviewed by the tribal partner selection committee and initial phone calls are made to all applicants by the principal investigator and project evaluator. The top two to four tribes are selected for site visits and follow-up meetings to assess fit (e.g., leadership/community support, potential for research infrastructure growth) with CRCAIH's overall goals. Three to four CRCAIH committee members attend the site visits, with at least two of the members attending all site visits for consistency in the process. After each visit, committee members fill out the CRCAIH Tribal Selection Criteria form (see Table 3 ) that includes the following information: (1) Location; (2) Leadership support; (3) Community; and (4) Capacity/Infrastructure. Applicants are ranked via scores from the criteria sheet and the committee meets to review and make a final decision. Key factors that led to a tribe selected include support from the tribal leadership: elected officials and other tribal program directors present during on-site visits; tribal resolutions passed in support of the proposed partnership; and clear indication of supervisor and office space for the tribal liaison. In our experience, the visible display of support from leadership and community members creates the foundation for a successful partnership. This foundation is critical both for advancing their tribes goals and sustaining their infrastructure after the grant is complete.
Pilot Grants Program (PGP)
CRCAIH pilot projects are awarded to promising transdisciplinary investigative teams, with research projects focused on social determinants of health that address significant health disparities experienced by AI/AN in SD, ND, and MN. The duration of each pilot grant is one year with a potential additional carry-over funding year. Each year, $250,000 to $350,000 has been invested in the CRCAIH pilot grants program. The pilot grants subcommittee leads the writing and disbursement of a Request for Applications (RFA) in collaboration with the institutional grants management office. In year one, special attention was paid in developing the application materials to make the forms accessible to junior researchers, while incorporating the information needed for NIMHD review. The proposals are reviewed by an external group of experienced researchers with minority health research backgrounds that live outside the region. The pilot grant review criteria focus on significance, scientific approach, innovation/potential for future funding, investigators/environment, and demonstration of collaborative relationships (letters of support from tribal nations and other partners are required). After the applications are scored and ranked by the external reviewers, the subcommittee selects the final projects, which then go to NIMHD for final approval. Pilot grantees (see Table 4 ) update CRCAIH through a quarterly reporting mechanism and dissemination of research through presentations, project-generated resources, and manuscripts.
Annual Summit
The annual summit is a critical way for CRCAIH to bring partners together from across this vast region to discuss current and future research in AI/AN health. It serves as a forum for national and regional speakers, trainings, workshops, panel discussions, and CRCAIH researchers. The annual summit serves an important role in dissemination of research findings, highlighting current and past year activities, and moving the AI/AN health research field forward.
The Community Engagement and Innovation Division (CEID) provides the link within CRCAIH to (1) to identify health research priorities with each tribal partner and community members through community engagement; (2) provide information back to the Executive Steering Committee on community health research priorities, which are incorporated into the annual pilot grant RFA; and (3) disseminate information back to communities on the CRCAIH activities and opportunities. Community input and feedback are fundamental to creating the infrastructure necessary for CBPR and TPR; including processing and monitoring requests based on each community's health research agenda. Community engagement is facilitated through various types of community groups-community advisory boards (CABs), community conferences, forums, and/or working groups to identify community health research priorities, research and training needs, and effective community outreach campaigns.
The Research Division contains three large-scale research projects that utilize varied scientific methodologies and are designed to answer questions raised as priority areas for regional AI/AN communities. The research projects and the pilot projects, serve to demonstrate high quality research and model effective collaborations. The three larger multi-year projects focus on pediatric asthma, kidney donation education, and pediatric emergency department utilization; and all of the projects have an intervention component.
The Culture, Science, and Bioethics Core works with tribes and researchers to provide a culturally-informed approach to research. This core works to find a common language and improve communications between tribes and health researchers. Relationships between the community and the researcher are crucial to successfully conducting meaningful research. Existing relationships can be enhanced and new relationships established, along with the other technical cores of CRCAIH.
The Regulatory Knowledge Core works with tribes and researchers to facilitate appropriate research methods in the modern regulatory framework of protections for human subjects. The Regulatory Knowledge Core helps meet an emergent need among tribal communities to establish and self-govern research on their lands. The Regulatory Knowledge Core provides regulatory support for all CRCAIH projects, including quality control and consultation. These key activities were derived from extensive community input and are intended to bridge significant gaps in the present health research infrastructures. The Regulatory Knowledge Core works with tribal partners to build tribal research capacity through the development of systematic research review processes, including the establishment of community research review boards.
Many tribes are looking to establish procedures that streamline their research review process to ensure consistent and efficient review of research protocols. As CRCAIH extends across multiple states and communities, it brings together entities with varying levels of existing regulatory capabilities. Academic institutions and health systems in the region have well-established research programs, as do some of the participating tribal entities. Finding areas for collaboration and partnership in regulation of research activities helps optimize limited resources. Importantly, these activities build research capacity by fostering partnerships between stakeholders and facilitating exchange of regulatory knowledge. The goals of the Methodology Core are to assist researchers and communities in developing high quality transdisciplinary research and to help build research infrastructure in tribal communities. Research support is provided by the Methodology Core to any investigators working in AI/AN health disparities and includes assistance with research and pilot projects, pilot grant application development, providing advice and guidance for data management support of other tribally-led research projects and research education. The Methodology Core assists in all aspects of research methodology including study design, outcome identification and measurement, data management, statistical analysis, results interpretation and display and writing of statistical sections of grants, reports and manuscripts. For specific project assistance, the Methodology Core works with individual research groups to determine what is needed. Priority is given to our tribal partners, research and pilot grantees and pilot grant applicants.
Lessons Learned and Outcomes

Evaluation Findings
Similar to any large scale project, the establishment of CRCAIH has experienced many successes and challenges. The use of developmental evaluation as the method for the internal evaluation of CRCAIH has provided an opportunity for continuous reflection and improvement. We had external evaluators consult throughout the first year to help establish the evaluation framework, and we plan to utilize an external evaluation again in Year 4. Evaluation data has led to the creation of heat maps of the region that focus on reach of trainings, amount of collaborations (e.g., referrals for services), and whether the research and pilot projects are spread across the region (see Figure 2) . These heat maps, developed in partnership with the CRCAIH methodology core, show areas of active collaborations and where additional building is needed. The incorporation of evaluation directly in the administrative team has led to issues and areas of concern being addressed in real-time to continuously improve CRCAIH's outcomes. This has resulted in significant changes, including change in core leadership, establishment of greater fiscal management support, and increased efforts to develop relationships at a national level.
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whether the research and pilot projects are spread across the region (see Figure 2) . These heat maps, developed in partnership with the CRCAIH methodology core, show areas of active collaborations and where additional building is needed. The incorporation of evaluation directly in the administrative team has led to issues and areas of concern being addressed in real-time to continuously improve CRCAIH's outcomes. This has resulted in significant changes, including change in core leadership, establishment of greater fiscal management support, and increased efforts to develop relationships at a national level. In Year 2, the establishment of greater fiscal management support was crucial to ensure that partners had processes in place to establish clear and concise scope of work documents outlining deliverables, ensure timely reimbursement, and to expend the subaward in its entirety to accomplish the project goals. Unfortunately, despite the increased efforts for fiscal support, CRCAIH did end a subcontract In Year 2, the establishment of greater fiscal management support was crucial to ensure that partners had processes in place to establish clear and concise scope of work documents outlining deliverables, ensure timely reimbursement, and to expend the subaward in its entirety to accomplish the project goals. Unfortunately, despite the increased efforts for fiscal support, CRCAIH did end a subcontract with one tribal partner based on fiscal infrastructure challenges.
Evaluation of the Pilot Grants Program has been vital in assessing the application structure/process, core services offered, and outreach. Each year surveys are conducted with the interested pilot grant applicants, pilot grant reviewers, awarded pilot grantees at the one year completion and annual follow-up. Survey feedback has led to an earlier release of the RFA increasing the amount of time applicants had for application preparation from eight to fourteen weeks, revising review criteria to include a category on collaborative relationships, identifying trainings to help grantees develop competitive applications (e.g., sample size calculations, budget preparation); and identification of tribally-driven health priorities in the region.
A Pilot Grant Program Seminar Series was implemented in year 3, providing an opportunity for pilot grantees to provide a one-hour presentation of the research findings from their funded study to an in person and live streamed audience. The seminar series was developed as an avenue for dissemination and continued investment and mentoring from the CRCAIH divisions and cores. The presentations are archived on the CRCAIH website (www.crcaih.org).
Tribal Partner and Community Impact
The Tribal Partner Selection Process has been successful and reflects the interest of tribal nations in the region to engage in developing research infrastructure and capacity (see inset 1 for case study). As we have been implementing the application model with tribal partners, particularly the past 2 years, we have heard from increasing number of tribes interested in being involved with CRCAIH. In years 2, 3, and 4 we had 3, 7, and 6 numbers of applicants respectively, which includes some repeat applicants. All but 8 of the 23 tribes in the region have either been partners or formally applied to be a CRCAIH partner, and this does not include informal discussions and inquiries. We have also worked to communicate that CRCAIH's capacity building resources are available to not just tribal partners, but to other tribes and researchers involved in health research with AI/AN populations in ND, SD, and MN. Because of the large geographic area the three states cover, the Annual Summit is hosted in a different location each year to provide an opportunity for those to travel to the summit closer to their location. The summit has provided opportunities for personnel from all components of CRCAIH to network in person and share lessons learned, as well as bring national experts in AI/AN health research to the region to share their knowledge and learn first-hand about AI/AN health conditions in the region.
Through an NIH R13 funding mechanism, the Community Engagement and Innovation Division (CEID) supported two tribal partners in hosting community research conferences-Cheyenne River Sioux Tribe and Missouri Breaks, Inc., hosted the Researching, Restoring and Rebuilding Our Oyate for a Longer Life and the Oglala Sioux Tribe hosted the No Longer Dreaming-Your Role in Native American Research. These community conferences provided an opportunity for tribal member researchers from each tribe to present their research back to their community in a larger forum.
Outreach and communication is accomplished through dissemination of trainings, the CRCAIH website www.crcaih.org, and social media campaigns. This is carried out through a multi-faceted approach which is comprised of (1) web-based technology, including a dedicated website, social media and virtual events; (2) community-based venues, including local newspapers, television and radio stations; and (3) traditional community communication methods, including presentations at individual district health events. The distance and isolation of some communities requires a variety of methods and strategies and each tribe stylizes their campaign to best fit their unique needs. The intended outcome of these outreach measures is increased knowledge and comfort with research, as well as increased empowerment to make a fully-informed decision to engage (or not engage) in research as a tribe or as an individual participant. The contribution of each community is a key measure of CRCAIH's success.
Many tribes are looking to establish procedures that streamline their research review process to ensure consistent and efficient review of research protocols. One way tribes are accomplishing this is through an electronic review system (see inset 2 for case study). These systematic review processes include management of approved protocols, data and resulting publications. In response to specific requests and inquiries from CRCAIH tribal partners the Regulatory Knowledge Core developed the Collaborative Research Center for American Indian Health Tribal IRB Toolkit (available on www.crcaih.org). The toolkit is a compilation of draft protocols, sample process and procedures, and references to trainings developed by the core. RKC presented and recorded a Mock IRB meeting, as well as trainings focused in areas to help determine whether a project is research, whether it involves human subjects, and resources such as a glossary of definitions common in human subjects protections. In addition to the trainings and tools that have been developed through the collaboration with the Regulatory Knowledge Core, three of the five tribal partners have developed research codes, with one tribe entering the CRCAIH partnership with a long standing research code and four of the five tribal partners have operationalized a formal regulatory review process. The Methodology Core has also developed trainings in the topic areas of introduction to research data, research methods, sample size calculations, and using R Commander. This core has also provided assistance in building tribal research infrastructure through development of data management plans, customized trainings, and offering support for internal research projects.
Conclusions
Sustainability
As one of CRCAIH's core values, sustainability has been a constant topic of conversation with our tribal partners and researchers. In addition to the yearly scope of work conversations where we discuss long-term goals of building tribal research infrastructure, we have engaged in strategic planning to help clarify how they can maintain and grow their research infrastructures. One example supported through the Regulatory Knowledge Core is setting up a fee-based system for project review to sustain the tribal Research Review Boards. Sustainability is always a focus with our researchers as well, focusing on how their findings and subsequent products such as publications can lead to future projects and procurement of external funding to sustain their research portfolios. CRCAIH is still quite young, but we feel that this early focus on sustainability will help support the longevity of the program.
Concluding Thoughts
In summary, CRCAIH engages leaders from tribal communities, academic/research organizations, and key healthcare systems in the region. Each of these leaders brings unique qualifications, experiences, and resources to CRCAIH that work in partnership to create an environment supportive and encouraging of collaborative, meaningful, rigorous, and high quality transdisciplinary research in AI/AN health disparities. The individuals and organizations that comprise CRCAIH are well-versed on creating solid communication and interactions despite vast geographic distances. Resources and support to directly increase tribal infrastructure for their active participation in transdisciplinary research is integral to creating sustainable resources with the ultimate goal of decreasing AI/AN health disparities.
